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Abstract
In recent years, there have been tremendous efforts to replace fossil fuels with renewable
energy to mitigate emissions of greenhouse gases and air pollutants in the United States. Nevada
was among the first states that established the renewable portfolio standards (RPS), requiring a
certain percentage of electricity sold to the customers for consumption coming from renewable
resources. The recent Nevada Senate Bill 358, signed by Nevada’s Governor in 2019, set a target
that by 2030 not less than 50% of electricity sold in Nevada should come from renewable
resources. This research investigates how this Bill could provide health benefits for Nevada
residents via improved air quality and how these benefits depend on total electricity demand
under different economic conditions. This study also evaluated the breakdown of benefits by
health endpoints and estimated how the health benefits are spread over Nevada counties and
surrounding states. This study created and used two scenarios with high and low projected
electricity demands in 2030. For each scenario, emission reductions due to the RPS
implementation and their associated health benefits were assessed by the Environmental
Protection Agency’s AVoided Emissions and geneRation Tool (AVERT) and CO–Benefits Risk
Assessment (COBRA) models. Based on this analysis, implementation of SB 358 was shown to
produce health benefits equivalent to $3–8 million per year for Nevada residents and up to $140
million per year for the entire U.S. from reducing mortality and nonfatal heart attacks. These
benefits were not uniformly spread across Nevada counties, with obvious total health benefits in
Clark and Washoe County and higher per-capita benefits in Storey and Humboldt County.
Nevada residents would acquire more health benefits if electricity demands will be lower by
2030 ($3.3-$7.6 million in the low-demand scenario compared with $3.0-$6.9 million in the
high-demand scenario). Moreover, the study revealed that Nevada is ranked only sixth among
iii

ten states benefiting most from the policy, as California and Washington obtain the most health
benefits. These findings may empower public support of RPS policies and energy conservation
to reduce air pollution and improve public health for the region.
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Introduction
Background
Burning fossil fuels such as coal, oil, and natural gas to produce energy is a leading cause
of overloading the atmosphere with greenhouse gases and pollutants, including carbon dioxide
(CO2), nitrogen oxides (NOX), sulfur dioxide (SO2), and particulate matter (PM). These
pollutants are the underlying cause of environmental damage that threatens human health
(Manisalidis et al., 2020). Previous studies have shown increased morbidity and mortality rates
due to exposure to air pollutants, especially particulate matter. The World Health Organization
estimated 4.2 million premature deaths globally in 2016 due to exposure to particulate matter
(WHO, 2018).
Particulate matters are formed of tiny solid particles or liquid droplets that are found in
the air. Although some particles are so small that they cannot be seen without a microscope,
others, such as dust and dirt, are big enough to be visible. Because particulate matters are
airborne particles with different irregular shapes, they are categorized by their aerodynamic
diameters or particle size. Based on the size, particulate matters can be divided into two major
categories: coarse and fine. Coarse particulate matter contains particles with an aerodynamic
diameter between 2.5 to 10 µm (PM10). Fine particulate matter refers to particles with an
aerodynamic diameter up to 2.5 µm (PM2.5) (Esworthy, 2015), which is 30 times smaller than the
average human hair (US EPA, 2018). Particulate matter that is directly released into the air is
called primary particulate matter. In contrast, secondary particulate matter can be formed in the
atmosphere from chemical reactions involving particulate matter's precursors. For example,
sulfur dioxide emissions from power plants undergo chemical reactions in the atmosphere and
produce sulfate. Also, nitrogen oxides released from power plants and other combustion sources
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can be converted to nitrate. Both sulfate and nitrate are components of PM2.5. Because of the
formation mechanisms and its small size, PM2.5 may be detected hundreds of miles from the
sources where their precursors are produced (US EPA, 2018).
PM2.5 has short-term and long-term health effects (WHO, 2017). Inhaled PM2.5 can reach
the deeper part of the lungs, enter the bloodstream, and cause cardiac and pulmonary diseases,
such as asthma, bronchitis, and ischemic heart disease (Frumkin, 2016). Long-term exposure to
PM2.5 increased the risk of cardiopulmonary death by 6 to 13% per 10 μg/m3 of PM2.5 (WHO,
2017). These health effects appear even at exposure levels below current air quality standards
(Chang et al., 2019). Based on the WHO report, there is no proof that there is a safe level of
exposure or threshold limits for PM2.5 that show no adverse health effects (WHO, 2017). The
fact that the exposure to PM2.5 is involuntary and there is no actual safe level for PM2.5 exposure
elevated concerns about this health determinant (WHO, 2017). Motor vehicles, fossil fuel
combustion for energy production, dust storms, and wildfires are the main resources of PM2.5.
Scientists believe controlling wildfire or dust storms to reduce PM2.5 pollutant emission is more
challenging than controlling fossil fuel combustion (US EPA, 2018). Thus, policymakers are
motivated to create policies to improve air quality and public health by using clean energy
resources.
There is evidence that PM2.5 released by fossil-fuel combustion from both cars and
industrial activities has the most hazardous effect on human health and climate compared with
other sources of PM2.5 (WHO, 2007). Then strengthening air quality guidelines to reduce
emissions from fossil-fuel combustion, decrease the possibility of acute and chronic diseases
such as stroke and heart disease and can decline the mortality and morbidity rates (WHO, 2021).
For this reason, after 15 years, WHO recently revised its global air quality guidelines to protect
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human life. In these new guidelines, the highest level of annual PM2.5 was reduced from 10
μg/m3 to 5 µg/m3 (WHO, 2021).
PM2.5 contains a wide range of chemical materials, depending on the source of particles
(Chang et al., 2019). Sulfates (from power plants), nitrates (car trucks, power plants), and
organic and elemental carbons (cars, trucks, wildfire) are the most prevalent chemical
components of PM2.5, forming at least 79-85% of PM2.5 mass (Dominici et al., 2015). The
source-receptor (S-R) matrix is the most popular method for examining the contribution of
various sources of PM2.5 to PM2.5 concentration at the receptor site. In this matrix, the
participation of PM2.5 components from each emission source to the annual average PM2.5
concentration value at a single receptor site (hypothetical monitor in each county) and all other
receptor sites throughout the United States are calculated (Zinsmeister, Burtraw, Kuenzli, &
Levy, 2020).
The S-R matrix is a part of the Climatological Regional Dispersion Model (CRDM)
(Zinsmeister, Burtraw, Kuenzli, & Levy, 2020). Because CRDM is a probabilistic model, this
model uses some adjustments to make relationship between distributions of PM2.5 species in the
atmosphere near PM2.5 real distribution. These adjustments consider the wet and dry deposition
of primary and secondary materials that make up PM2.5 with consideration of the distribution of
wind speed, direction, and the annual average height above the ground that pollutants such as
PM2.5 can be dispersed (mixing height). However, CRDM cannot totally consider all chemicals
in the atmosphere that are responsible for the formation of PM2.5. In the process of considering
the effect of wind on the distribution of PM2.5, CRDM considers “relative frequencies of
occurrence of a combination of wind and stability conditions at the emission sources to calculate
the relative frequencies of emissions transport to various receptors” (Zinsmeister, Burtraw,
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Kuenzli, & Levy, 2020). It is a helpful method to estimate long-term average pollutant
concentrations. For directly emitted primary chemicals that transport far away from the sources,
this model uses another adjustment. In this adjustment, the model considers the quantity of the
material initially emitted, the amount chemically converted to a secondary pollutant, and the
amount deposited by the wet and dry processes during the transport period from the source to the
receptor (Clappier et al., 2015).
Understanding how pollutant emissions from sources such as power plants are involved
in the concentration of PM2.5 helps policymakers adopt effective air pollution control strategies
to target the PM2.5 emission sources. One of these strategies is substituting fossil fuels with
renewable resources. International efforts to curb climate change since the Kyoto Protocol have
focused on developing renewable energy resources to substitute for fossil fuels to generate
electricity. Renewable resources, such as solar and wind energy, generate little carbon dioxide
(CO2) while at the same time minimizing co-pollutants such as PM2.5 into the air that can
produce immediate benefits to public health.
Energy efficiency and renewable energy standards have the potential to develop social
savings through avoided medical costs and revitalize the economy by creating new jobs. Based
on the research done at Harvard's Center for Health and the Global Environment, adopting
energy efficiency and renewable energy standards could save $5.7 to $210 billion annually in the
United States (Buonocore, et al., 2015). These ranges of benefits are mostly acquired by
displacing emissions, such as SO2, from fossil-fueled electrical generating units (EGUs) because
of reducing electricity consumption by energy efficiency programs or using alternative electricity
source via renewable energy programs (Buonocore, et al., 2015). Moreover, the U.S.
Environmental Protection Agency (U.S. EPA, 2015) estimated that as a part of the Clean Power
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Plan in the United States, reducing 32% CO2 emission below the 2005 CO2 level would provide
monetary health benefits between $14 and $34 billion by 2030. These benefits are primarily
attributed to the prevention of around 3,600 premature deaths (U.S. EPA, 2017). The benefits of
replacing fossil fuels with renewable energy resources also are gained indirectly. For example, in
2016, employment in the renewable energy sector increased 6% in the United States. In the same
year, careers in the solar section grew 22%, 12 times faster than other sections of employment in
the United States (Hurst, 2016). The study done by Renewable Power Generation Cost in 2020
showed that renewables technology costs continue to decrease year by year. This study predicted
that in the United States, in 2021, operating costs of 77% to 91% of coal-fired power plants are
estimated to be higher than the cost of new solar or wind power plants (Taylor, Ralon, AlZoghoul, Epp, & Jochum, 2021). However, it is beyond the scope of this research to analyze and
compare the cost of renewable energy generation with the cost of fossil fuel generation as a costbenefit analysis.
Despite the repeal of the Clean Power Plan by the Trump Administration to limit carbon
pollution from electric power plants, in recent years, there have been tremendous efforts to
replace fossil fuels with renewable energy resources in the United States (Cleveland, 2021).
Nevada Renewable Portfolio Standard History
At the beginning of 1997, Nevada was among the first states that implemented renewable
portfolio standards (RPS) policies to promote domestic energy production, encourage economic
development, and improve air quality (U.S. Energy Information Administration, 2020). RPS is a
regulatory mandate to increase energy production from renewable resources such as wind, solar,
and biomass (Cleveland, 2021). There is some diversity among states regarding the RPS. In
Nevada, RPS mandates electric utility companies to ensure a certain percentage of electricity
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sold to “retail customers” comes from renewable resources (Cleveland, 2021). Retail customers
are residential, commercial, or industrial customers in the Nevada that purchase electricity for
consumption (N.R.S Chapter 704.7818, 2020). The Nevada Legislature passed the first RPS in
1997 as a part of Assembly Bill 366 (AB 366) (Legislative History of Assembly Bill 366, 1997).
In that year, Nevada's government initially adopted an RPS that Nevada power companies were
obligated to obtain 0.2% of total electricity sold to retail customers from renewable resources for
the first year of implementation. The percentage was increased biannually by two-tenths of one
percent from the first year of implementation until the RPS reached the level of one percent. The
RPS would remain at one percent, even if the legislature does not renew or extend the policy
(Legislative History of Assembly Bill 366, 1997).
In 2001, Nevada increased the percentage by 2% every two consecutive years to 15% by
2013 (Wang, 2021). In 2009, Nevada RPS was modified again to require electric utilities to
acquire 25% of electricity sold to retail customers from renewable resources by 2025
(Renewable Portfolio Standard, 2020). In 2017, assembly bill AB 206 was passed by the Nevada
House and Senate, which would have increased the RPS to 40% by 2030 and offered incentives
to buy and use energy storage systems (Chediak, 2017). Governor Sandoval vetoed the Bill
because of a concern that the state's energy markets could not restructure to reach this standard,
and setting this goal may negatively affect ratepayers (Chediak, 2017).
During November 2018 general election, Nevada's voters approved Question 6, the
Nevada Renewable Energy Standard Initiative, which requires electric utilities to obtain at least
50% of the electricity sold in Nevada from renewable resources by 2030 (Pallay & Coyle, 2020).
However, in 2019, Nevada Senate Bill 358 was adopted to require the state public utility
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commission gradually raise the RPS to 22% in 2020, 24% in 2021, 29% in 2022 and 2023, 34%
in 2024 through 2026, 42% in 2027 through 2029, and 50% in 2030 and beyond (Wang, 2021).
Public Utility Commission determines the “Portfolio energy credit”. This credit allows
providers to gain one portfolio energy credit on behalf of each kilowatt-hour of electricity that
providers generate, acquire, or save from a portfolio energy system (any renewable energy
system) or efficiency measure. The Commission allows providers to use this credit to comply
with its portfolio standards during each calendar year (N.R.S Chapter 704.7803, 2020). Also,
these electric providers may sell more than 10% but less than 25% of the excess amount of
renewable energy required to comply with their portfolio standards as a portfolio energy credit.
If electric utility companies are short on their renewable resources, they can buy credits from
electric provider companies that generate excess renewable electricity. Regarding energy
efficiency, electric utility companies, through each calendar year 2020 to 2024, can use up to
10% of the electricity required by generating, acquiring, or saving from renewable energy as
portfolio standards from energy efficiency. From 2025 and years after that, no portion of RPS
can come from the energy efficiency programs (N.R.S Chapter 704.7803, 2020).
Each year, electric service providers must submit a report to the Public Utility
Commission Nevada (PUCN) providing evidence of their compliance with the RPS. If the PUCN
determines a provider failed to meet the RPS, the PUCN may impose a fine, provide an
exemption, or take other administrative action. The commission decided on an exemption for
providers if the supply of electricity or amount of energy savings are not or will not be sufficient
for the providers in the calendar year after providers made reasonable efforts to access these
supplies based on their renewable energy contracts (N.R.S Chapter 704.7821, 2020). Also, the
commission gave an exemption to providers if providers were unable to obtain electricity from
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renewable resources because of a delay in the construction of a renewable energy system that
was not under the control of providers (N.R.S Chapter 704.7821, 2020). As the Nevada voters
approved Question 6 for the second time in the 2020 general election, the Nevada constitution is
amended to reflect the RPS requirement from Question 6 in 2018 and 2020 (i.e., 50% by 2030)
(Renewable Portfolio Standard, 2021).
Although 57.94% of Nevada residents voted yes to Question 6 in 2020, around 42%
disagreed with this policy (Pallay & Coyle, 2020). The American Tax Reform organization,
founded in 1985 to advocate for taxpayers, was the primary group that released its argument
against this policy. This group believed the constitutional mandate for this policy was
unnecessary and risky. The group stated previous policy in Nevada that increased RPS to 25% by
2025 was carefully studied and set a goal to make Nevada the world's leader in renewable energy
while protecting Nevada residents from uncontrolled increasing electricity rates. Based on this
group statement, if SB358 is voted by Nevada residents and amended to the Nevada constitution,
Nevada's legislators can apply an additional adjustment to RPS that may cause an increased
electricity rate for ratepayers without approval by voters. This group believed the legislative
process should better assist in adjusting Nevada's power usage and improving technological
developments for energy efficiency instead of mandating rigid timeframes that might threaten
and repress future innovation in energy efficiency (Pallay & Coyle, 2020).
The group called Nevadans for Affordable, Clean Energy Choices, which at any election
advises the population to vote yes or no to questions on the ballot, was a major supporter group
for Question 6 (Renewable Energy Standard Initiative). Based on this group report, by applying
this new policy, Nevada could get almost free renewable energy instead of spending $700
million a year to buy fossil fuels from other states. The group stated that reducing toxic
8

pollutants emissions, such as sulfur dioxide, leads to cleaner air and healthier families. The
health benefits due to pollution reduction combine with avoiding construction of new gas-fired
power plants saving between $12.7 and $28.8 million per year. This group also stated that
Nevada's 50% renewable energy standard increases state solar capacity by 150% and supports
over 9800 new clean energy jobs in Nevada (Sullivan, 2018).
Review of Literature
Some previous studies with different models and RPS percent examined the impact of
renewable energy policies on human health and economic growth are briefly discussed below.
The National Renewable Energy Laboratory released a report in 2014 outlining current
state-level RPS costs and benefits estimation (Heeter et al., 2014). The report estimated statelevel RPS costs and benefits based on variety of methods different states used to estimate costbenefits. Some states estimated costs of RPS policy based on “gross cost” – total costs due to
obtaining renewable electricity to comply with RPS policy. Some state considered “incremental
cost” – additional cost of renewable electricity in addition to the gross cost, such as buying
renewable portfolio credit or any other compliance payments. Also, states estimated benefits
based on methodologies that varied by states. Moreover, the report revealed that RPS policies
could offer different environmental and social benefits; however, states mainly focused on
avoided emissions and associated human health benefits. As a result, the cost-benefit assessment
was not standard among states and could not extend to the overall national analysis of RPS costs
and benefits. Based on this report, during the 2010-2012 periods, estimated incremental RPS
compliance costs in the U.S. were between 0.9% and 1.2% of retail electricity rates. In other
words, estimated incremental compliance costs ranged from $2-$48/MWh of renewable energy
production. This range of cost was based on differences in RPS target levels, cost of renewable
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energy certificate (REC), and type of RPS resources. While the cost estimation was
retrospective, the benefit estimation for most states was prospective. The benefits focused on
avoided emissions and related human health benefits, economic development impacts, and
savings connected to decreases in total sale electricity price. Those benefits could translate to $4$23/MWh of renewable generation. The article concluded that comparing costs and benefits is
difficult because some incremental cost calculations may already be considered specific benefits.
Also, costs and benefits may have different time periods and may be partially considered in the
evaluation (Heeter et al., 2014).
The first national-level analysis evaluated the benefits of existing state-level RPS policies
in the United States released in 2016 (Wiser et al., 2016). This analysis used the most recent data
available (2013) and focused on the benefits of new renewable electricity resources obtained to
meet RPS compliance obligations. The study used the Environmental Protection Agency (EPA)
AVoided Emissions and geneRation Tool (AVERT) model to determine the amount of fossil fuel
generation displacement due to new RPS policies in 2013. The study results showed that
although there is uncertainty in the economic value of the benefits, the average monetary value
of Greenhouse Gases (GHGs) and air pollutions emission reductions was $7.4 billion (Between
$3.3 to $16.2 billion) in 2013 (7.5¢/kWh-RE). These benefits were mainly related to human
health and environmental benefits of GHGs and air pollutions emission reductions. Some
benefits were due to impacts on gross jobs, economic development, electricity, and natural gas
price. The study showed that new RPS policies were estimated to support nearly 200,000 U.S.based jobs, and these policies reduced natural gas prices and helped consumers save around $1.3
billion to $3.7 billion in 2013. At the end of the study, the authors stated that the monetary
benefits in 2013 outweigh the annual costs; however, additional studies would be necessary to
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accurately compare the costs of RPS policies with the associated benefits. The authors believed
the model (AVERT) used in this study could evaluate the benefits of the RPS policies in
individual states (Wiser et al., 2016).
There was also a prospective analysis that examined RPS outcomes (Mai, et al., 2016).
This study examined the costs and benefits of renewable energy related to RPS compliance in
2015-2050. The report considered the existing RPS scenario that renewable electricity generation
would increase to 26% of total electricity generation within the United States by 2030 and
increased to 40% by 2050. Then the study compared the result with the no RPS scenario that
renewable generation reached only to 21% and 34% by 2030 and 2050, respectively, and under
the High RPS scenario that renewable generation reached to 35% and 49% by 2030 and 2050,
respectively. This report considered fuel costs, operation and maintenance costs, and costs for a
new generation, storage, and transmission infrastructures as incremental costs for implementing
renewable policies. As benefits consideration, this article focused on benefits attributable to
avoided health outcome and climate change mitigation due to reductions in air pollutions and
greenhouse gases (GHGs) emissions. The paper estimated that with the current RPS scenario, the
maximum cost was 0.75¢/kWh of renewable electricity (RE), while in the same scenario, the
minimum amount of health benefit due to air pollution reduction was 1.2¢/kWh-RE, and benefit
due to reduction of GHGs was at least 0.9¢/kWh-RE. Following the High RE scenario, the
maximum cost was 1.5¢/kWh-RE. At this High RE scenario, health benefit due to reducing air
pollution was at least 2.7¢/kWh-RE, and benefit due to the reduction of GHGs was at least
1.2¢/kWh-RE. As a result, the article concluded that the benefits of renewable policies were
higher than their implementation costs, even when considering the highest amount of costs with
the lowest amount of benefits (Mai, et al., 2016).
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One analysis was performed in 2017 by the National Resources Defense Council,
NextGen, and Grid lab with the help of an energy firm consultant company (ICF). They
examined the effects of strengthening renewable standards across the Southwest, including
Nevada (Sullivan, 2018). For Nevada, benefits of the Renewable Energy Standards Initiative
(Question 6) were estimated to create confidence that increasing RPS to 50% in Nevada creates
benefits for Nevada residents. This analysis used the Integrated Planning Model (IPM®). IPM
used integrated information about electricity generation, transmission, demand, and price from
the Environmental Protection Agency (EPA) and the Energy Information Administration (EIA)
data to assess the effect of this initiative. Also, IPM offered the most cost-effective way to obtain
electrical needs, such as building up new power plants or retiring existing power plants. The
result of this analysis showed the initiative could drive new investment in local solar power
plants and storage. Also, the initiative could lower harmful pollutants across the state and reduce
Nevada's dependence on out-of-state fossil fuels. By 2030, implementing this initiative could add
3.85 gigawatts (G.W.s) solar electricity to the 2017 Nevada renewable electricity. Also, this
initiative could attract Nevada to build 470 megawatts of new battery storage by 2030. The
model developed the idea that these new battery storages were more economical than building
new fossil-fuel power plants. Reduced electricity import from other states was another benefit of
this initiative. This reduction could be substituted with 5,307 GWh export of renewable
electricity by 2030. The model revealed the initiative reduced 55% and 74% nitrogen oxide
(NOX) and sulfur dioxide (SO2), respectively that would give $12.7 million to $28.8 million
benefits for Nevada residents. New 3.85 GWs of electricity could bring $6.2 billion investment
in Nevada, equivalent to creating 9,800 new jobs (Sullivan, 2018).
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These pieces of information motivated the research on the Nevada Renewable Energy
Standard Initiative for its associated monetary benefits, which were not entirely presented to the
Nevada citizens before they voted for or against the policy.
Objectives and Research Questions
This research aims to assess the health benefits of implementing the recent Nevada RPS
through decreasing emissions and ambient concentrations of harmful air pollutants. Some
previous studies have shown the connection between RPS and air pollution levels (Heeter et al.,
2014; Mai et al., 2016; Wiser et al., 2016). However, in my understanding, there is no research
about this specific policy and its relation to Nevada residents' health. Bearing in mind that the
reduction in fossil electricity consumption depends on not only RPS but also overall energy
demands in the state, and considering the interstate electricity trading and transmission, my
research questions are:
1- Are monetary health benefits provided by the Initiative uniformly distributed to all
Nevada residents?
2- How do the monetary health benefits, if any, depend on total electricity demand under
different economic trajectories by 2030?
3- How, if at all, does the Initiative benefit other states compared to Nevada, due to the
nature of emissions transmission and electricity trade between states?
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Material and Methods
To estimate health benefits due to Nevada Renewable Energy Standard Initiative's
implementation, this study used tools developed by the U.S. EPA, including the AVoided
Emissions and geneRation Tool (AVERT) and CO-Benefits Risk Assessment (COBRA) model.
AVERT estimates emission changes at electric power plants due to the displacement of fossil
fuels by renewable energy or energy conservation at the regional, state, or county levels (Fisher
et al., 2020). COBRA is a screening tool for assessing air quality changes due to emission
reduction, estimating the health impact associated with these changes, and calculating the
economic value of the health impact (Zinsmeister, Burtraw, Kuenzli, & Levy, 2020).
AVERT Model
The most recent version of AVERT, AVERT v3.0, was posted on September 15, 2020,
by U.S. EPA (https://www.epa.gov/avert/download-avert). It uses 2019 as a baseline to calculate
emissions of particulate matter (PM2.5), nitrogen oxides (NOX), sulfur dioxide (SO2), carbon
dioxide (CO2), volatile organic compounds (VOCs), and ammonia (NH3) released from
individual electric power plants across the United States (Fisher et al., 2020). Further, based on
the reduction of electricity demands for fossil fuels within a region or a state, AVERT analyzes
the reduction of electricity generation at the plant level, based on the power transmission patterns
on the current grid. AVERT analysis is carried out at the regional level. AVERT divides the U.S.
into 14 regions (Figure 1). These regions are a combination of one or more balancing authorities.
Each balancing authority is an organization that is responsible for controlling the operation of the
electric grids to ensure electricity requirements in every minute of every day matched with
adequate supply from grid power plants. Within AVERT, these balancing authorities and their
related power plants are designated to one of these 14 regions. This designation was developed
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based on geography (such as the California region that is limited to California State) or electrical
transmission patterns and mostly designed based on regional Energy Information Administration
(EIA) electric grid monitor and electricity power region dataset described by the electricity sales
within state borders. Once changes in electricity demands for fossil fuels in a particular region are
determined, AVERT calculates the corresponding changes in PM2.5, NOx, SO2, CO2, VOCs, and
NH3 emissions (Fisher et al., 2020).

Figure 1. Map of AVERT's 14 Regions across the U.S.

This study used a web-based AVERT model (https://www.epa.gov/avert/avert-webedition). The model has an opportunity to select one of the 14 AVERT regions or specifically
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select one state and insert data to analyze (Fisher et al., 2020). Nevada was selected for this
research, and AVERT calculated emission changes in the entire Northwest region that contains
Nevada (Figure 1).
AVERT provides multiple options. Inputs may include annual electricity saving (in
MWh) from energy programs/policies, electricity saving during only peak periods, and the solar
or wind capacity changes in the specified region or state (Fisher et al., 2020). AVERT compares
the generation and emissions at all fossil fuel plants at the equivalent of total demand before new
renewable policies apply and at the equivalent of a reduced demand after new renewable policies
apply. Therefore, before running the AVERT model, users need to determine electricity savings
under scenario(s) of interest, in this case, the Nevada Renewable Energy Standard Initiative. The
outputs from AVERT include emission reductions by pollutant, by county, and by month.
AVERT outcomes can serve as a direct input to COBRA.
COBRA Model
COBRA evaluates the emission reduction data to assess air quality changes, estimates the
health impact associated with these changes, and calculates the economic value of the health
impact (Hou et al., 2016; Thomson et al., 2018; Olawepo and Chen, 2019).
As previously described, one of the best methods to evaluate the relationship between
pollutants emission and PM2.5 concentration is using the S-R matrix. COBRA also used this
model. In COBRA, emissions of PM2.5, and its precursors, including sulfur dioxide (SO2),
reactive nitrogen oxide (NOX), ammonia (NH3), and volatile organic compounds (VOCs), as a
source, are linked to annual PM2.5 concentrations (as a receptor) in each U.S. county by a sourcereceptor (S-R) matrix that was developed for each of these pollutants (Zinsmeister, Burtraw,
Kuenzli, & Levy, 2020). The S-R matrix in COBRA relies on the EPA 2016 emission inventory
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and covers the entire United States. In brief, the S-R matrix determines the effect of emission
changes in the source on changes in PM2.5 concentration at the receptor site for a given source
and all receptors (Zinsmeister, Burtraw, Kuenzli, & Levy, 2020). To summarize, COBRA can
calculate 2016, 2023, or 2028 ambient PM2.5 levels. First, COBRA uses the S-R matrix with
emission inventory data from EPA 2016 to generate an un-calibrated 2016 PM2.5 level for each
county. Then these un-calibrated data were compared with the actual PM2.5 monitoring data from
EPA for 2016 to create calibration factors for each county. Then, by running 2016, 2023, or 2028
EPA emission data through the S-R matrix, COBRA estimates 2016, 2023, or 2028 PM2.5 levels.
These results are multiplied by county-level calibration factors to calculate the best estimate of
2016, 2023, or 2028 calibrated ambient PM2.5 concentration levels (Zinsmeister, Burtraw,
Kuenzli, & Levy, 2020).
After emission changes from selected counties are used to calculate changes in ambient
PM2.5 concentration according to the S-R matrix by COBRA, the second step is translating these
changes in PM2.5 concentration into avoided health outcomes based on previously established,
region-specific exposure-outcome relationships. The health outcomes considered by the model
include: adult and infant mortality, non-fatal heart attacks, respiratory- and cardiovascularrelated hospitalizations, acute bronchitis, upper and lower respiratory symptoms, asthma-related
emergency room visits, asthma exacerbations, minor restricted activity days, and workdays lost
due to illnesses. In the last step, the economic value of these health outcomes, with the high and
low estimates, is determined using a 3% or 7% discount rate (Zinsmeister, Burtraw, Kuenzli, &
Levy, 2020). COBRA can use outputs directly from AVERT containing emission changes for
implementing desired scenarios.
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Table 1 from the COBRA manual shows different health outcomes and their economic
values. For example, one adult mortality avoided has about $9 million benefits at a 3% discount
rate and $8 million benefits at a 7% discount rate. In contrast, one work loss day avoided
provides $160 in benefits. COBRA chooses 3% and 7% discounts because of a lag phase of
some health incidences after exposure to pollutants. Not all cases of adult mortality avoided
correlated to reduction of PM2.5 happens in the same year as the exposure reduction. EPA
predicted this lag year is around 20 years for avoided cases of PM2.5 related mortality.
Considering the lag period is essential because people are willing to pay more for something they
can prevent now than for something that may happen in the future years. This preference is
expressed by discounting rate. Because COBRA estimated the benefit of avoided mortality by a
willingness to pay (WTP), this model considers discount rate in its estimation, as well. However,
within the federal government, there is uncertainty about the amount of this rate. EPA
recommended a 3% discount rate, while the United States Office of Management and Budget
(OMB) recommended a 7% discount rate. For this reason, COBRA gives this opportunity to
COBRA users to calculate monetized health benefits with two discount rates (Zinsmeister,
Burtraw, Kuenzli, & Levy, 2020). This lag period does not apply to infant mortality because
emission changes affect infant mortality in the same year without the lag period (Zinsmeister,
Burtraw, Kuenzli, & Levy, 2020). This difference between 3% and 7% discount rates was also
seen in non-fatal heart attacks because the cost of heart attacks avoided extends to several years
(COBRA considers five years). These discount values apply to 5 years of lost earnings due to a
heart attack (Zinsmeister, Burtraw, Kuenzli, & Levy, 2020).
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Table 1. Unit Values for Economic Valuation of Health Endpoints in 2028 (With 2010 $)

Health Incident Avoided
Adult Mortality
Infant Mortality
Non-Fatal Heart Attacks
Hospital Admissions
Asthma ER Visit
Acute Bronchitis

Economic Value ($2010)
3% discount rate
7% discount rate
$8,863,205
$7,894,316
$9,879,048
$9,879,048
$33,259 - $263,795
$31,446 - $253,247
$19,741 - $40,358
$19,741 - $40,358
$388 - $464
$388 - $464
$485
$485

Respiratory Symptoms
$21 - $34
Asthma Exacerbations
$58
Minor Restricted Activity Days
$69
Work Loss Days
$160
Note. This table retrieved from COBRA manual Version: 4.1,
https://www.epa.gov/sites/production/files/2020
06/documents/cobra_user_manual_june_2020.pdf

$21 - $34
$58
$69
$160

Model Approaches and Scenarios
To answer the questions about the monetary health benefits of the Nevada Renewable
Energy Standard Initiative, first, the study estimated the amount of emission changes due to the
reduction of fossil fuel consumption that occurred after implementing the policy. Although the
policy should reduce fossil fuel electricity consumption, the overall demand may increase due to
population and economic growth from 2019 to 2030. This study estimated the percentage of
fossil fuel consumption reduction for the projected year compared with the baseline year. In the
last revision (September 2020), AVERT added 2019 annual emission data reported by power
plant operators and collected by U.S. EPA into the program as a baseline (Fisher et al., 2020).
Therefore, this study selected 2019 as the baseline to make the assessment compatible with
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AVERT. If the total electricity consumption in Nevada for 2019 and the renewable fraction of
the supply are denoted by E2019 and FN2019, respectively, the total fossil fuel electricity
consumption in 2019 would be: E2019 × (1- FN2019). Similarly, the total fossil fuel electricity
consumption in the future year 20XX would be: E20XX × (1-FN20XX), where E20XX and
FN20XX are the total electricity consumption and the renewable fraction, respectively, in Nevada
for 20XX. The percentage of fossil fuel consumption reduction (FFCR%) between 2019 and
20XX is:

Equation 1. Percentage of Fossil Fuel Consumption Reduction (2019 to 20XX)
FFCR% = [1-

E 20XX × (1- FN 20XX)
] ×100%
E 2019 × (1- FN 2019)

E2019 = Total electricity consumption for the baseline year 2019
FN2019 = Fraction of renewable electricity sold to the customers for 2019
E20XX = Total electricity consumption for the projected year 20XX
FN20XX= Fraction of renewable electricity estimated to sell in the projected year 20XX.
To find the value for FN2019, this study reviewed literature and relevant documentation
to determine the actual renewable fraction in 2019. FN20XX is the forecast that should align with
the Nevada Renewable Energy Standard Initiative in the projected year.
This study created two scenarios to bound electricity demands in 2030 under different
projected economic growth. High and low electricity demands can lead to varying reductions in
fossil fuel consumption and pollutant emissions (see Equation.1). For the two scenarios, this
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study set high and low electricity demand (E20XX) scenarios based on the high and low
economic growth prediction for Nevada between years 2019 to 2030. For each scenario,
emissions reductions for PM2.5, NOx, SO2, CO2, VOCs, and NH3 were calculated by AVERT.
Since the input to AVERT is the annual electricity saving in the form of electricity
consumption reduction (in MWh) from energy programs/policies (Fisher et al., 2020), this
research related annual electricity reduction to the desired reduction in fossil fuel electricity
consumption. AVERT assumes that when the electricity demand or consumption is reduced,
fossil fuel-fired power plants will be turned off or turned down, but no existing renewable
facilities should reflect the changes (Fisher et al., 2020). Because all electricity saving comes
from fossil fuels, as a final calculation, the study adds this formula:

Equation 2. Percentage of Modeled Electricity Consumption Reduction
MECR% = FFCR% × (1- FN2019)

Here, MECR% is the percentage of overall Modeled Electricity Consumption Reduction
that would lead to a fossil fuel electricity consumption reduction of FFCR%. In a situation where
all electricity comes from fossil fuels in 2019, MECR% = FFCR%. MECR% were calculated
from FFCR% and FN2019 for each scenario as the input to AVERT. The AVERT outputs then
served as the inputs to COBRA to calculate health benefits, by county and by state, associated
with each scenario.
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Results and Discussion
NV Energy is the largest and almost sole electricity provider in Nevada, serving nearly
90% of Nevada customers. It is subdivided into two prominent electric companies: Nevada
Power Company and Sierra Pacific Company (N.V. Energy, 2022). Besides operating its own
power plants, NV Energy purchases electricity, including renewable electricity, at a lower cost
than the company could generate to keep the electricity bill affordable for its customers (NV
Energy, 2022). Therefore, this study used NV Energy’s electricity generation and sale data for
2019, to evaluate how RPS standards affect Nevada’s overall fossil fuel reduction.
Baseline Renewable Electricity in Nevada
To determine the value for the percentage of renewable electricity sold to customers in
Nevada for 2019 (FN2019), this study used the information released by the United States
Securities and Exchange Commission (SEC, 2020) and summarized in Tables 2 and 3.

Table 2. Electricity Sold to the Nevada Utilities' Retail Customers by Nevada Electricity
Companies (GWh) (SEC, 2020)
Year
Nevada Power Company
Sierra Pacific Company
Total

2019
22,645
11,487
34,132

2018
23,291
10,958
34,249

2017
22,714
10,593
33,307

Based on Table 2, the total electricity sold by electric utility companies to retail
customers in Nevada was 34,132 GWh in 2019. Table 3 shows that about 70% of electricity sold
by Nevada Power Company and 57% of electricity sold by Sierra Pacific were generated inside
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Nevada (SEC, 2020). It is important to mention that based on the EIA report, just 0.3% of net
electricity generation inside Nevada is from renewable resources (EIA, 2021). As a result, the
electricity generated by Nevada Power Company and Sierra Pacific is assumed to be entirely
non-renewable.

Table3. Breakdown of Nevada Utilities' Total Electricity Supplies (SEC, 2020)
Nevada Power Company
Generated inside
Electricity purchased Outside
Non-renewable
Renewable
Short-term contract
Renewables Obtained
Sierra Pacific Company
Generated inside
Electricity purchased Outside
Non-renewable
Renewable
Short-term contract
Renewables Obtained

2019
70%
30%
11%
17%
2%
17% + 2%= 19% (4302.55 GWh)
2019
57%
43%
27%
13%
3%
13% + 3%= 16% (1837.92 GWh)

Total renewables Obtained

6,140.47 GWh

FN2019

17.99%

2018
70%
30%
10%
16%
4%
20%
2018
56%
44%
29%
12%
3%
15%

2017
68%
32%
15%
15%
2%
17%
2017
49%
51%
28%
11%
2%
13%

6,301.9
GWh
18.4%

5,238.47
GWh
15.73%

Based on Table 3, Nevada Power Company and Sierra Pacific Company purchased 17%
and 13% of renewable resources from outside NV, respectively (SEC, 2020). In addition, these
companies had 2% and 3% short-term contracts, respectively, with small-scale electricity
providers. Because fossil fuel generation, such as natural gas and coal, requires large facilities,
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these short-term contracts are mostly renewable in nature. The sum of these renewables amounts
to 6140.47 GWh. This amount was the actual amount of renewable electricity purchased or
obtained by Nevada electricity providers to comply with RPS policy for 2019. As a result, the
percentage of renewable electricity sold to customers in Nevada for 2019 (FN2019) is found to be
17.99%.
FN20XX is the forecast that should be in line with the Nevada Renewable Energy
Standard Initiative in the projected year. FN2030 will be 50% to comply with the Initiative.
Future Electricity Consumption Scenarios
This study creates two scenarios to compare the health benefits of this policy
corresponding to high and low projected electricity demands. The different electricity demands
are bound to different economic growth rates. For these two scenarios, this study needs to predict
the range of Nevada's economic growth between the years 2019 (as a baseline year) and 2030 (as
a projected year), from which the higher and lower bounds of electricity demand in Nevada for
2030 (E2030, see Equation.1) may be estimated. However, predicting electricity demand for
future years is difficult because of uncertainties in economic growth, demographic variables such
as population and migration, and fossil fuel prices (Seventh Power Plan, 2016). The Northwest
Conservation and Electric Power Plan predicted that the annual electricity demand growth rate
for the Pacific Northwest area was 0.5 to 1.0 percent per year from 2015 to 2035. This rate in the
winter was lower at 0.4 to 0.8 percent per year (Seventh Power Plan, 2016). The Annual Energy
Outlook (AEO) 2021, developed by U.S. Energy Information Administration (EIA), explored
long-term energy demand in the United States and designed methods to predict electricity
consumption in the future (Annual Energy Outlook, 2021). AEO associated economic growth
with electricity demand by using the National Energy Modeling System (NEMS) (Annual
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Energy Outlook, 2021). Table 4 shows the annual electricity demand growth rate under high and
low economic growth scenarios as predicted by AEO. Based on the data, the electricity demand,
with high economic growth between 2019 and 2030, will increase by 10.44%. The increase for
low economic growth will reach 4.65%.

Table 4. Electricity Use Growth Rate- Based on Predicted Economic Growth 2019-2030, in the
United States (Annual Energy Outlook, 2021).
Year
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
Compounding
Electricity Growth
(2019-2030)

Low Economic Growth Rate High Economic Growth Rate
-0.06%
-0.06%
-0.23%
-0.23%
-1.18%
-0.88%
0.10%
0.64%
0.99%
1.70%
1.14%
1.74%
1.08%
1.65%
0.80%
1.41%
0.57%
1.15%
0.43%
0.96%
0.45%
0.94%
0.43%
0.93%
4.65%
10.44%

These two forecasts were used to predict future electricity demand in Nevada for the high
and low growth scenarios. The data represent the most reliable forecasts and have been used by
NRDC for its electricity consumption predictions (Sullivan, 2018). Notably, because this study
uses two estimated reference points (high and low) for electricity demand, the actual electricity
consumption in 2030 will most likely fall between those two estimated levels.
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High-Demand Scenario Calculation
In the high electricity demand scenario, the percentage of fossil fuel consumption
reduction (FFCR%) for the year 2030 in comparison with the baseline year 2019 is calculated by
Equation 1. In this equation, projected year 20XX is 2030 and FN20XX is calculated based on the
RPS policy that obligates electricity-providing companies in Nevada to obtain 50% of electricity
sold to customers from renewable resources. Also, based on the Table 4, electricity demand in
the high economic growth is predicted to increase by 10.44% from 2019 to 2030. As a result, in
this equation
E2019 = Total electricity consumption for the baseline year 2019
FN2019 = Fraction of renewable electricity sold to the customers for 2019= 17.99% (Table 3)
E2030 = Total electricity consumption for year 2030 = E2019 (1 + 0.1044)
FN2030= Fraction of renewable electricity estimated to sell in the projected year 2030 = 0.5.
Putting these values on Equation 1,
FFCR% = [1-

(1 + 0.1044) × (1-0.5)
1 × (1-0.1799)

] ×100% = 32.7%

To comply with AVERT input, the percentage of modeled electricity consumption reduction
(MECR) is calculated by Equation 2,
MECR% = 32.7% × (1-0.1799) = 26.81%
Therefore, when overall electricity consumption is reduced by 26.81% by 2030, fossil fuel
electricity consumption would be reduced by 32.7%.

26

Low-Demand Scenario Calculation
In this scenario, low economic growth is predicted to increase electricity demand by only 4.65%
from 2019 to 2030 (Table 4). Then in Equation 1:
E2019 = Total electricity consumption for the baseline year 2019
FN2019 = Fraction of renewable electricity sold to the customers for 2019= 17.99%
E2030 = Total electricity consumption for year 2030 = E2019 (1 + 0.0465)
FN2030= Fraction of renewable electricity estimated to sell in the projected year 2030 = 0.5
And the percentage of fossil fuel consumption reduction (FFCR%) is:
FFCR% = [1-

(1+ 0.0465) × (1- 0.5)
] ×100%
1× (1- 0.1799)

= 36.2%

To comply with AVERT input, and the percentage of modeled electricity consumption reduction
(MECR%) is calculated by using Equation 2 and the result is:
MECR% = 36.2% × (1-0.1799) = 29.68%
Therefore, when overall electricity consumption is reduced by 29.68% by 2030, the fossil fuel
electricity consumption would be reduced by 36.2%.
These two MECR% served as inputs to AVERT for the high and low- demand scenarios
to calculate emission reduction in PM2.5, NOX, SO2, CO2, VOCs, and NH3. Then, AVERT
outputs served as the inputs to COBRA to assess health benefits, by county and by state,
associated with each scenario.
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Emission Reductions Forecasted by AVERT
Table 5 compares fossil fuel-based electricity generation in the baseline year 2019 with
the projected year 2030 in the Northwest region for the two scenarios (low and high electricity
demand), as reported from AVERT. In the low-demand scenario, AVERT predicts fossil fuelbased electricity generation will decrease 6,312 GWh by 2030. This decrease is equivalent to the
annual electricity consumed by 500,000 homes in the United States (Fisher et al., 2020).
However, in the high electricity demand scenario, fossil fuel-based electricity generation will be
higher than in the low-demand scenario, and the reduction will be only 5,703 GWh by 2030.
Table 5 also shows emission reductions from fossil fuel-fired electric power plants across the
Northwest region. Applying 50% RPS by 2030 decreases SO2, NOX, and CO2 emissions more
than PM2.5, VOCs, and NH3 in comparison with the baseline year 2019 (~ 4 million pounds SO2,
6 million pounds NOX, 4 million tons CO2, 500,000 pounds PM2.5, 215,000 pounds VOCs, and
100,000 pounds NH3 reductions).
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Table 5. Annual Fossil Fuel-Based Electricity and Total Emission Displacement in the
Northwest Region due to RPS 50% in Nevada, under the Low and High-Demand Scenarios. *

Low-Demand Scenario

Generation
(MWh)

High-Demand Scenario

Baseline
2019

Post-RPS 50%
2030

RPS 50%
Impact

Post-RPS 50%
2030

RPS 50%
Impact

132,302,510

125,990,190

-6,312,320

126,599,300

-5,703,210

Total Emissions from Fossil Generation Fleet
SO2 (lb)

95,380,170

90,967,110

-4,413,050

91,400,110

-3,980,060

NOx (lb)

144,369,030

137,638,460

-6,730,570

138,297,920

-6,071,110

Ozone season
NOx (lb)i

59,543,780

56,860,340

-2,683,440

57,113,030

-2,430,750

CO2 (tons)

104,259,720

99,517,020

-4,742,700

99,977,230

-4,282,490

PM2.5 (lb)

11,118,070

10,573,210

-544,860

10,626,120

-491,950

VOCs (lb)

4,333,750

4,118,170

-215,590

4,138,880

-194,870

NH3 (lb)

2,338,450

2,202,410

-136,040

2,215,020

-123,420

Ozone season is defined as May 1 — September 30. Ozone season emissions are a subset of
annual emissions.
⃰ Negative numbers indicate displaced generation and emissions. All results are rounded to the
nearest ten.
i

The results show that applying 50% RPS under the low-demand scenario by 2030 will
reduce NOX and SO2 emissions by 4.7% and 4.6%, respectively, for the entire Northwest region
(Table 5) and by 5.9% and 6.1%, respectively, for Nevada in comparison with the baseline year
2019. A previous study done by the National Resource Defense Council (NRDC) in 2017 on the
effect of 50% RPS by 2030 in Nevada demonstrated that this renewable policy could reduce instate emissions of NOX and SO2 by 55% and 74%, respectively, from the baseline year 2017.
These reductions could provide Nevada residents $12.7 to $28.8 million benefits annually
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(Sullivan, 2018). The discrepancy between the two studies is likely due to a model used to
estimate fossil fuel displacement and emission reductions. NRDC predicted fossil fuel
displacement due to applying 50% RPS mainly occurs inside Nevada. On the other hand, the
model that this study used – AVERT- assumes all fossil fuel power plants in the selected region
are affected by the 50% RPS policy and displacement of fossil fuels happens in both in-state and
out-of-state power plants based on their capacity and historical hourly emission rates related to
historical behavior of EGUs. In the AVERT model, EGUs with a higher capacity and higher cost
to generate electricity first turn-off (Fisher et al., 2020). They could be inside Nevada or outside
Nevada. As a result, the amount of emission reduction and value of monetary benefits were
higher in the NRDC study than in this study.
Table 6 breaks down the annual emission changes by the state under the low and highdemand scenarios in Nevada by 2030. This table shows applying RPS 50% by 2030 leads to
emission reductions in other states more than Nevada. For example, Utah has the most reduction
of NOx emission (-1,753,000 lb. per year), and Washington state has the most reduction of CO2
and VOCs (-1,001,140 tons -104,090 lb., respectively) in the low-demand scenario. The highdemand scenario follows the same pattern; however, the amount of emission reduction is smaller
than the low-demand scenario. Nevada experienced more reduction in NH3 than other states in
the Northwest region. In contrast, Wyoming experienced the least reduction in NH3, while Idaho
gained the least reduction of all pollutants except NH3.
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Table 6. Annual State Emission Changes in the Northwest Region due to RPS 50% in Nevada,
under the Low and High-Demand Scenarios by 2030.

States

Idaho

Montana

Nevada

Oregon

Utah

Washington

Wyoming

SO2 (lb)
Low demand
High demand

-1,590
-1,440

-900,990
-809,500

-591,890
-539,380

-933,240
-839,870

-649,360
-584,310

-308, 790
-277,740

-1,027,900
-927,810

NOX (lb)
Low demand
High demand

-128,660
-117,350

-1,177,910
-1,057,280

-614,010
-560,300

-726,560
-653,830

-1,753,900
-1,580,030

-1,144,610
-1,030,550

-1,184,920
-1,071,760

-198,030
-179,590

-536,670
-482,140

-755,710
-688,170

-633,880
-569,860

-929,380
-838,320

-1,001,140
-903,120

-687,890
-621,290

-12,370
-11,170

-100,500
-90,460

-89,870
-81,890

-115,350
-103,790

-69,050
-62,350

-104,090
-93,880

-53,630
-48,420

-3,740
-3,370

-21,480
-19,330

-49,390
-45,090

-20,960
-18,870

-25,660
-23,190

-73,090
-65,810

-21,260
-19,200

-18,120
-16,480

-1,100
-1,000

-49,960
-42,850

-31,530
-28,350

-17,630
-16,020

-20,370
-18,440

-320
-290

CO2 (tons)
Low demand
High demand
PM2.5 (lb)
Low demand
High demand
VOCs (lb)
Low demand
High demand
NH3 (lb)
Low demand
High demand

Table 7 demonstrates estimated NOX, SO2, PM2.5, VOCs, and NH3 emission reductions
among the Nevada counties with fossil fuel electrical power plants. Based on this table, the most
reductions of NOX and SO2 occur in Humboldt County (194 and 285 tons, respectively, in the
low-demand scenario). PM2.5, VOCs, and NH3 reductions are considerably higher in Clark
County than in the other counties (31, 11, and 17 tons, respectively, in the low-demand scenario).
Overall, these emission reductions are not uniformly distributed between counties, and the
reduction amounts are higher under the low-demand scenario. Some counties, such as Lyon
County and Storey County, would experience slight change in SO2, while Humboldt County
shows a substantial change.
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Table 7. County-level Changes in Emissions under the Low and High-Demand Scenarios
NOx
Reduction
(tons)

SO2
Reduction
(tons)

PM2.5
Reduction
(tons)

Clark County
Low demand
High demand

-41.923
-38.477

-1.547
-1.41

-31.649
-28.857

-11.96
-10.92

-17.423
-15.902

Eureka County
Low demand
High demand

-10.173
-9.161

-8.058
-7.433

-1.738
-1.567

-0.148
-0.134

-0.266
-0.24

-194.154
-177.045

-285.936
-260.48

-3.903
-3.551

0
0

-0.763
-0.694

-27.946
-25.477

-0.219
-0.199

-1.826
-1.666

-8.34
-7.608

-0.782
-0.714

-32.811
-29.992

-0.187
-0.171

-5.817
-5.304

-4.252
-3.881

-4.248
-3.875

County

Humboldt County
Low demand
High demand
Lyon County
Low demand
High demand
Storey County
Low demand
High demand

VOCs
Reduction
(tons)

NH3
Reduction
(tons)

Total and Per Capita Benefits by County
Table 8 and Figure 2 show per capita benefits for Nevada counties based on the low and
high-demand scenarios. The distribution of per capita health benefits is different from that for
total health benefits among Nevada counties. Total health benefits are more prominent in Clark
County and Washoe County; however, per capita benefits are more obvious in Storey County
and Humboldt County. The distribution of health benefits is mainly related to the county's
population and electricity generation.
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Table 8. Total Health Benefits and Per-Capita Health Benefits by County in Nevada (LDS: LowDemand Scenario, HDS: High-Demand Scenario)

County

$ Total Health
Benefits
(Low Value)

$ Total Health
Benefits
(High Value)

Population
2021*

Per capita: $
(Low Value)

Per capita: $
(High Value)

3,386,509
3,075,681

7,642,391
6,940,952

3,185,791

1.06
0.96

2.39
2.17

2,640,468.78
2,400,781.98

5,959,687.40
5,418,704.67

2,347,920

1.12
1.02

2.5
2.3

Washoe County
LDS
HDS

430,379.82
388,853.22

970,414.08
876,781.01

485,849

0.88
0.80

1.99
1.8

Lyon
LDS
HDS

61,574.22
55,894.15

138,924.26
126,108.90

60,904

1.01
0.91

2.28
2.07

43,814.32
39,690.59

98,804.36
89,505.07

57,344

0.76
0.69

1.72
1.56

38,515.24
34,821.34

86,956.28
78,616.54

49,197

0.78
0.70

1.76
1.59

17,187.02
15,655.23

39,002.37
35,526.38

4,407

3.89
3.55

8.85
8.06

28,622.03
25,920.92

64,651.59
58,550.34

25,715

1.11
1.00

2.51
2.27

31,273.32
28,304.40

70,538.54
63,842.01

49,737

0.62
0.56

1.41
1.28

26,908.87
24,318.23

60,616.16
54,780.41

53,256

0.50
0.45

1.13
1.02

45,654.16
41,453.83

102,925.02
93,455.73

16,937

2.69
2.44

6.07
5.51

1,421.24
1,285.68

3,210.74
2,904.49

2,091

0.67
0.61

1.53
1.38

Total
LDS
HDS
Clark County
LDS
HDS

Carson City
LDS
HDS
Nye
LDS
HDS
Storey
LDS
HDS
Churchill
LDS
HDS
Douglas
LDS
HDS
Elko
LDS
HDS
Humboldt
LDS
HDS
Eureka County
LDS
HDS
*Population

reference: https://worldpopulationreview.com/us-counties/states/nv
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Figure 2. Annual Health Benefits Compared with Per-Capita Benefits among Nevada Counties
under the Low-Demand Scenario

Figure 3 compares populations among Nevada counties and attributed health benefits.
The distribution of health benefits is strongly associated with the population. Counties such as
Clark and Washoe have the highest population and obtain the most benefits ($2.4 - $5.9 million
for Clark and $388,000 - $970,000 for Washoe County) (Table 8). Counties with less
populations, such as Eureka County (2,091 people), obtain the least monetary health benefits
($1200 - $3200) (Table 8). On the other hand, the results are surprising when looking at the per
capita benefits for different counties, as the Storey and Humboldt County obtain more per capita
benefits ($3.55 - $8.85 for Storey County and $2.44 - $6.07 for Humboldt County) than other
counties. Storey County's population is only 4,407, while Humboldt County is 16,937 (Table 8,
Figure 3).
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Figure 3 Total Health Benefits Compared with Population among Nevada Counties under the
Low-Demand Scenario.

Population

One factor that determines the health benefits due to applying RPS is the reduction of air
pollutants, particularly PM2.5. Based on the AVERT emission reductions, COBRA models the
reduction of ambient PM2.5 concentrations at the county level (Figure 4), based on which the
health benefits are estimated.
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Figure 4. Reduction of Ambient PM2.5 Concentrations at the County Level, Low-Demand
Scenario

Tables 9 and 10 demonstrate the changes in air quality (as ∆PM2.5, a change in PM2.5)
and the derived monetary health benefits in Nevada counties under the low and high-demand
scenario. The range (low and high value) displayed in tables 9 and 10 are due to two sets of
assumptions about the relationship between PM2.5 and adult mortality and non-fatal heart attacks
from the literature (Zinsmeister, Burtraw, Kuenzli, & Levy, 2020). Every county in Nevada
experiences some reductions in PM2.5 after implementing the policy. Based on Table 9, the lowdemand scenario’s monetary health benefit is $2.6 - 6 million for Clark County following a
reduction of 0.00219 µg/m3 PM2.5. Among Nevada counties, Storey County has the highest
∆PM2.5 (0.00646 µg/m3), followed by Humboldt and Clark Counties. On the other hand, Clark
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County obtains the highest monetary health benefits, followed by Washoe County ($430,000970,000) and Lyon County ($61,000-138,000). The least effect of this scenario is seen in
Esmeralda County, with annual health benefits ranging from $353 to $800.

Table 9. Changes in Air Quality and Associated Monetary Health Benefits Among Nevada
Counties under the Low-Demand Scenario. *
Baseline
PM2.5
(µg/m3)

RPS 50%
PM2.5
(µg/m3)

∆PM2.5
(µg/m3)

$ Total Health
Benefits (Low value)

$ Total Health
Benefits (High value)

Churchill

4.4615

4.4602

0.00135

28,622.03

64,651.59

Clark

5.7737

5.7715

0.00219

2,640,468.78

5,959,687.40

Douglas

5.1183

5.1175

0.00086

31,273.32

70,538.54

Elko

3.6803

3.6792

0.00114

26,908.87

60,616.16

Esmeralda

3.8372

3.8367

0.00051

353.39

797.25

Eureka

3.7033

3.7022

0.00106

1,421.24

3,210.74

Humboldt

4.8060

4.8012

0.00483

45,654.16

102,925.02

Lander

3.9440

3.9428

0.00117

3,562.02

8,038.99

Lincoln

3.1089

3.1082

0.00073

2,608.38

5,883.83

Lyon

4.6557

4.6542

0.00147

61,574.22

138,924.26

Mineral

3.8877

3.8769

0.00074

2,968.76

6,692.17

Nye

3.4664

3.4657

0.00074

38,515.24

86,956.28

Pershing

4.7534

4.7517

0.00165

5,661.13

12,777.21

Storey

5.4809

5.4744

0.00646

17,187.02

39,002.37

Washoe

5.3348

5.3332

0.00158

430,379.82

970,414.08

White Pine

3.1138

3.1129

0.00091

5,536.41

12,470.87

Carson City

4.6439

4.6431

0.00082

43,814.32

98,804.36

County

* Positive values indicate reductions in PM2.5
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Table 10 shows changes in air quality and associated monetary health benefits in Nevada
counties while considering the high electricity demand scenario. The trend of findings is similar
to Table 9, and Clark County receives more monetary health benefits than all other counties,
while Storey County demonstrates the highest PM2.5 reduction.

Table 10. Changes in Air Quality and Associated Monetary Health Benefits Among Nevada
Counties under the High-Demand Scenario. *

County

Baseline
PM2.5
(µg/m3)
4.4615

RPS50%
PM2.5
(µg/m3)
4.4603

Clark

5.7737

Douglas

∆PM2.5
(µg/m3)

$ Total Health
Benefits (High value)

0.00122

$ Total Health
Benefits (Low
value)
25,920.92

5.7717

0.00199

2,400,781.98

5,418,704.67

5.1183

5.1176

0.00078

28,304.40

63,842.01

Elko

3.6803

3.6793

0.00103

24,318.23

54,780.41

Esmeralda

3.8372

3.8368

0.00046

319.37

720.51

Eureka

3.7033

3.7023

0.00096

1,285.68

2,904.49

Humboldt

4.8060

4.8016

0.00438

41,453.83

93,455.73

Lander

3.9440

3.9429

0.00106

3,221.25

7,269.91

Lincoln

3.1089

3.1083

0.00066

2,357.86

5,318.71

Lyon

4.6557

4.6544

0.00133

55,894.15

126,108.90

Mineral

3.8777

3.8770

0.00067

2,683.52

6,049.19

Nye

3.4664

3.4657

0.00067

34,821.34

78,616.54

Pershing

4.7534

4.7519

0.00149

5,121.07

11,558.30

Storey

5.4809

5.4750

0.00588

15,655.23

35,526.38

Washoe

5.3348

5.3333

0.00143

388,853.22

876,781.01

White Pine

3.1138

3.1130

0.00082

4,998.74

11,259.76

Carson City

4.6439

4.6432

0.00074

39,690.59

89,505.07

Churchill

* Positive values indicate reductions in PM2.5
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58,550.34

Figure 5 also compares ∆PM2.5 with the total health benefits by county. There appears to
be a direct relationship between per capita benefits and ∆PM2.5 for some counties such as Clark
County, Humboldt County, and Storey County. This relationship is also seen in the high-demand
scenario.
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Figure 5. Total Health Benefits and Changes in PM2.5 (∆PM2.5) among Nevada Counties due to
RPS 50% under the Low-Demand Scenario.

$ Total Health Benefits (Low value)

Delta PM 2.5

The greater reductions of PM2.5 in Storey and Humboldt County are due to the presence
of fossil fuel-fired power plants in these two counties. Valmy Power Plant, with a 522 MW coalfired power station, is located near Valmy in Humboldt County (N.V. Energy North Valmy,
2010). Moreover, Frank A. Tracy Generating Station has 12 units of gas-fired power plants with
a maximum capacity to generate 1,021 MW of electricity. This station is located in Storey
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County and emits about 1.5 million tons of CO2 annually (NV Energy, 2017). The reduction of
fossil fuel demands due to SB 358 can directly affect these two fossil-fuel power plants and
reduce their activity, which reduces emissions and health benefits to individuals living close to
the power plants.
It should be noted that this study has not considered other factors that can influence the
health benefits of the RPS policy, such as CO2 reduction due to clean energy resources, job
creation, and/or reduction of water consumption. Moreover, air pollution does not just come
from power plants. For example, standard policies may influence power consumptions by the
domestic, industrial, and transportation sectors. Increasing electricity costs can incur energy
conservation in these sectors even under the high-demand scenario, causing further emissions
reductions. This study focuses only on the emission and impact of fossil fuel operating electrical
power plants. As revealed here, reductions in pollutant emissions and their health benefits spread
non-uniformly throughout Nevada. These findings answer the first question in this research and
show implementing this policy creates non-uniform health benefits for Nevada residents.
Health Benefits Forecasted by COBRA
In the low-demand scenario, health benefits for the entire United States while applying
50% RPS in Nevada by 2030 would have an annual monetary value between $72 million and
$164 million (Table 11). Most of this monetary value is attributed to mortality avoided.
Reduction in mortality risk for the entire United States is predicted between 6.5 to 14.8 lives for
2030, equal to $71 million to $162 million. The high-demand scenario results in lower health
benefits. For example, adult mortality avoided in the high-demand scenario is only 5.9 to 13.4
lives, equal to $65 to $148 million per year. Decreases in the incidence of health outcomes such
as minor restricted activity days (4,000,000 avoided), work loss days (800,000 avoided), asthma
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exacerbation (180 avoided), and upper/lower respiratory symptoms (175 avoided) are more
prominent in numbers but have lower monetary values.

Table 11. Annual Incidence Change of Health Endpoints and Related Monetary Value for the
entire United States due to RPS 50% in Nevada under the Low and High-Demand Scenarios.

Low Demand Scenario
Health Endpoint

Incidence
Avoided

Monetary
Value

High Demand Scenario
Incidence
Avoided

Monetary
Value

Total Health Benefits (low value)

$72,871,175

$65,783,891

Total Health Benefits (high value)

$164,236,658

$148,263,394

Mortality *
Adult Mortality (low value)

6.540

$71,563,419

5.904

$64,603,145

Adult Mortality (high value)

14.814

$162,113,251

13.374

$146,346,350

Infant Mortality

0.037

$448,181

0.033

$404,682

0.616

$98,368

0.556

$88,798

Nonfatal Heart Attacks (high value)

5.722

$914,019

5.165

$825,095

Hospital Admits, Cardiovascular **

1.375

$70,282

1.241

$47,714

Respiratory Effects
Hospital Admits, All Respiratory

1.419

$52,850

1.281

$63,447

Acute Bronchitis

9.703

$5,988

8.761

$5,406

Upper Respiratory Symptoms

175.181

$7,484

158.169

$6,758

Lower Respiratory Symptoms

123.296

$3,330

111.323

$3,006

Emergency Room Visits, Asthma
Asthma Exacerbation

3.093
182.750

$1,743
$13,561

2.792
165.004

$1,573
$12,245

4,981.651

$436,716

4,497.831

$394,302

845.473

$169,253

763,363

$152,815

Cardiac Effect
Nonfatal Heart Attacks * (low value)
*

Effects on Economic Activity
Minor Restricted Activity Days
Work Loss Days
*The

Low and High values represent differences in the methods used to estimate some of the
health impacts in COBRA. For example, high and low results for avoided premature mortality
are based on two different epidemiological studies of the impacts of PM2.5 on mortality in the
United States. **Except heart attacks.
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Wiser et al. (2014) did a retrospective analysis for the effect of 8% RPS nationwide in
2013. This study used AVERT and COBRA for its estimation and concluded that applying just
8% RPS for the entire U.S. generates $2.6 - $9.9 billion health benefits nationwide.
Breakdown of Health Benefits in Nevada
Table 12 and figures 6 and 7 show that RPS 50% compliance in 2030 generates a range
of health benefits in the form of reduced mortality and morbidity for Nevada residents. The high
and low values in Figures 6 and 7 for adult mortality and non-fatal heart attack result from two
different assumptions in COBRA on the sensitivity to changes in particulate matter exposure.
Therefore, total monetary health benefits for Nevada residents are between 3.38 and 7.64 million
dollars. The most monetary health benefits come from mortality avoided ($3.32 to $7.54 million
for low demand and $3.0 to $6.8 million for high demand). These amounts stem from 0.3 to 0.69
avoided adult death in the low-demand scenario and 0.27 to 0.62 avoided adult death in the highdemand scenario in 2030. Minor restricted activity days and work loss days avoided are 229 and
39, respectively, for low-demand and 208 and 35, respectively, for high-demand. Avoided
emergency room visits due to asthma incur a monetary value equal to $37 for low-demand and
$34 for high-demand scenarios (0.066 avoided in low-demand, 0.060 avoided in high-demand
scenario). A previous study (Wiser et al., 2014) also showed a similar breakdown of health
benefits due to RPS 8% across the U.S. The mortality avoided and its benefits dominated
monetary values in that study, with 320 to 1,100 deaths avoided. They also reported 225,000380,000 minor restricted activity days avoided and 38,000-64,000 lost workdays avoided.
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Table 12. Annual Incidence Change of Health Endpoints and Related Monetary Value for
Nevada due to RPS 50% under the Low and High-Demand Scenarios.
Low Demand Scenario
Health Endpoint

Incidence
Avoided

Monetary Value

High Demand Scenario
Incidence
Avoided

Monetary
Value

Total Health Benefits (low value)

$3,386,509

$3,075,681

Total Health Benefits (high value)

$7,642,391

$6,940,952

Mortality *
Adult Mortality (low value)

0.304

$3,329,135

0.276

$3,023,570

Adult Mortality (high value)

0.690

$7,548,309

0.626

$6,855,500

Infant Mortality

0.002

$18,425

0.001

$16,733

Nonfatal Heart Attacks * (low value)

0.027

$4,427

0.025

$$4,021

Nonfatal Heart Attacks * (high value)

0.252

$41,135

0.229

$37,361

Hospital Admits, Cardiovascular **

0.058

$2,945

0.053

$2,230

Hospital Admits, All Respiratory

0.064

$2,455

0.048

$2,675

Acute Bronchitis

0.388

$239

0.352

$2,230

Upper Respiratory Symptoms

6.987

$299

6.346

$271

Lower Respiratory Symptoms

4.924

$133

4.473

$121

Emergency Room Visits, Asthma

0.066

$37

0.060

$34

Asthma Exacerbation

7.339

$545

6.666

$495

Minor Restricted Activity Days

228.963

$20,072

207.978

$18,232

Work Loss Days

38.950

$7,797

35.380

$7,083

Cardiac Effect

Respiratory Effects

Effects on Economic Activity

*The

Low and High values represent differences in the methods used to estimate some of the
health impacts in COBRA. For example, high and low results for avoided premature mortality
are based on two different epidemiological studies of the impacts of PM2.5 on mortality in the
United States.
**Except

heart attacks.
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Figure 6. Breakdown of Health Endpoints, their Monetary Values, and Incidences Avoided
Attributed to each Health Endpoint for Nevada by 2030, under the High-Demand Scenario.
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Figure 7. Breakdown of Health Endpoints, their Monetary Values, and Incidence Avoided
Attributed to each Health Endpoint for Nevada by 2030, under the Low-Demand Scenario.
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Incidence Avoided

Health Benefits $

Health Benefits
0.69

COBRA uses “Willingness to Pay” (WTP) to estimate the value of reducing the risk of
mortality, upper and lower respiratory symptoms, work loss days, and asthma exacerbation. For
valuing non-fatal myocardial infarction avoided, COBRA uses a “cost-of-illness” value that
covers direct medical costs and the lost earnings associated with the illness events. For assessing
hospital admission avoided, COBRA uses “Society’s WTP” to prevent hospital admission,
including medical expenses, lost work productivity, and the non-market cost of treatment (such
as water and solid waste cost from hospitals). For valuing emergency visits for asthma and acute
bronchitis, COBRA uses estimations from the literature that relate asthma emergency room
(E.R.) visits and acute bronchitis to their total costs based on how many days they last. For minor
restricted activity days avoided, COBRA could not find any estimation of WTP to avoid minor
restriction activity days. For this reason, COBRA uses WTP to avoid minor respiratory
restriction activity days. In all situations, all calculations are presented based on 2017 dollars.
Moreover, the incidence reductions shown in Table 8 are statistical risk reductions calculated
based on the population. For example, 1.5 lives saved may refer to a 0.001% reduction in
mortality risk in 150,000 people (Zinsmeister, Burtraw, Kuenzli, & Levy, 2020). Incidence
avoided, and health benefits may not be substantial; however, it is important to consider that
Nevada is a small state with relatively low total energy consumption. Moreover, COBRA
estimated benefits based on the reduction of ambient PM2.5. This screening tool does not
consider reducing CO2 or other pollutants when evaluating health benefits.
Effects of Projected Electricity Consumption
Figure 8 compares Nevada’s monetary health benefits for the low- and high-demand
scenarios. With a 4.65% increase in electricity consumption due to slower economic growth
during the same period, total health benefits will be higher at $3.3-$7.6 million (low-demand
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scenario). With a 10.44% increase in electricity consumption due to economic growth in Nevada
from 2019 to 2030 (high-demand scenario), the total health benefits of the RPS 50% will be
$3.0-$6.9 million.

Figure 8. Estimated Annual Total Health Benefits Based on Electricity Consumption in Nevada,
by 2030, for the Low and High-Demand Scenarios
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These results answer the second question in this thesis and show with increased economic
growth and electricity demand, implementing RPS 50% increases health benefits. This study
shows that with higher economic growth and higher electricity consumption, reductions in
pollutant emissions from power plants would be less (Table 5). Consequently, the health benefits
of the high-demand scenario are less than the low-demand scenario. This result is logical
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because, according to Eq. 1, with a decrease in electricity consumption while applying RPS 50%,
the percentage of fossil fuel consumption reduction increases. AVERT predicted that fossil fuelbased electricity generation increases in the high-demand scenario compared to the-low demand
scenario (126.59 vs. 125.99 GWh) for the Northwest region (Table 6).
Moreover, emissions of pollutants such as SO2, NOX, and CO2 are higher in the highdemand scenario. For example, the emission of SO2, the main pollutant released from fossil fuel
power plants, increased in the high-demand scenario to 91 million pounds compared to the lowdemand scenario emission (90 million pounds). NOX emission in the high-demand scenario is
138 million pounds compared to 137 million pounds in the low-demand scenario. These
increases in pollutant emissions result in fewer health benefits values for the United States and
Nevada residents (Tables 11 and 12). These findings reveal that the health benefits of this policy
are related to Nevada residents’ electricity consumption.
Nevada residents' reducing electricity consumption by energy conservation may provide
more health benefits than increasing renewable resources to generate electricity. A previous
study showed an increase in real per capita Gross Domestic Product (GDP), an index for
economic growth, decreased infant mortality rate, and increased monetary health benefits
(Erdoğan et al., 2013). This previous study's result seems to contradict the results of this study.
However, this study used high and low economic growth to find an index to predict electricity
consumption for the future year 2030. Previous studies indicated that reducing electricity
consumption in the form of electricity conservation by energy efficiency programs reduces air
and water pollutants, creates a healthy environment, and increases monetary health benefits
(ACEEE, 2016). As a result, previous studies confirm the results of this study that electricity
saving and reducing electricity consumption increase monetary health benefits.
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Regional Health Benefits
By applying RPS 50% in Nevada, emissions reduction due to fossil fuel combustion is
distributed to all states in the Northwest region. Figures 9 and 10 show that this initiative
produces health benefits for the entire U.S. ($72 to $164 million in low-demand scenarios, $65 to
$148 million in high-demand scenarios). Health benefits spread to different states, and Nevada is
only the sixth among ten states with the highest total health benefits. California and Washington
experience the most monetary health benefits. These data reveal that reducing fossil fuel
consumption in one state or region reduces air pollution emissions and creates health benefits in
multiple states. One of the reasons for expanding the benefits to other states while applying RPS
in Nevada is that air pollutants can transport across the state and county borders. As a result,
emission reduction due to decreased activity of one or more fossil fuel power plants in Nevada
can reduce pollutants in the atmosphere in neighboring states or states further downwind.
Moreover, Nevada obtains its electricity from power plants inside and outside the state. Based on
the EIA report, in 2019, 85% of the energy consumed in Nevada came from outside the state
(EIA, 2021). Also, based on the report released by the United States Securities and Exchange
Commission, in Form 10K, Nevada Power Company and Sierra Pacific Company purchased
30% and 43% of electricity consumed in 2019 from outside of Nevada, respectively (SEC,
2020). An RPS policy that applies to Nevada can change the activity of fossil-fuel generation
power plants outside Nevada and benefit states providing electricity for Nevada through reduced
emissions.
As demonstrated in Figures 9 and 10, some states gain more monetary health benefits
than Nevada by implementing Nevada's RPS 50% policy.
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Figure 9. Estimated Annual Total Health Benefits in top 10 States under the Low-Demand
Scenario by 2030

Low value

148,263

160,000
140,000
120,000

0

High value

49

Low value

3,575
1,587

4,294
1,903

4,995
2,213

6,272
2,781

6,941
3,076

6,956
3,090

20,000

7,416
3,294

40,000

10,811
4,799

60,000

22,491
9,971

80,000

23,460
10,434

100,000

65,784

Health Benefits (×$1,000)

Figure 10. Estimated Annual Total Health Benefits in top 10 States under the High-Demand
Scenario by 2030.

California, Washington, and Texas are the top three states gaining the most benefits. One
of the reasons these states gain the most benefits is related to their population. California and
Texas have the highest population among the states in the United States. California population in
2021 was 39,237,836 and Texas population was 29,527,941 (US and World population, 2022).
Because both mortality and morbidity depend on population, reducing pollution could reduce
more mortality and morbidity cases in these states and produce higher monetary health benefits
(Dicker et al., 2012). Washington also gains higher monetary benefits. Although the population
in this state is not as large as in California and Texas, this state plays a role as the main source to
export electricity to all Northwest states (Washington, 2015). This state has 15 natural gas-fired
power plants and a large-capacity coal-fired power plant. With an emission of 979,557 tons of
CO2 in 2019, this coal-fired power plant is the main source of CO2 emission in Washington
(EPA, 2020). Applying this policy can reduce the electricity demand, lower the operation of
these power plants, and reduce pollutant emissions in Washington. Referring to table 5, the
reduction of CO2, PM2.5, and VOCs in Washington is higher than in other states (1,000,000 tons
of CO2, 100,000 pounds of PM2.5, and 70,000 pounds of VOCs reduction). This higher reduction
leads to higher monetary benefits for this state. RPS policies are state-level policies, and each
state has its own laws and regulations related to these standards. It is helpful to show the effect of
RPS policy in other states to motivate policymakers to sum up all states’ policies to define a
federal protocol to implement RPS throughout the United States. Moreover, the result of this
study can act as a manifestation in opposition of conservative organizations that are against the
state RPS and to support renewable technology development, promote decarbonization, and
support jobs related to renewable constructions. The results confirm that the United States can
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move away from carbon-emitting fossil fuels and related health damages by investing in
renewable electricity.
Limitation of the Study
This study has several limitations. All assumptions in this study are based on existing
renewable policies. The study did not consider possible changes in renewable policies from 2019
to 2030 in Nevada. This study only predicts the percentage of fossil fuel consumption reduction
for 2030. The actual decrease for 2030 may be larger or smaller than this study's prediction.
Also, there is uncertainty in predicting total electricity consumption based on economic growth
by 2030 compared to 2019.
AVERT’s estimation of emission changes is related to available EGUs in the historical
base year (2019). Also, AVERT uses Regional Data Files (RDFs) to estimate emission changes.
These RDFs, by default, contain emission levels that are measured on average through 5000
hypothetical scenarios in 2019 (Fisher et al., 2020). On implementing the initiative through 2030,
some Electric Grid Units (EGUs) may retire, some new EGUs may add to the electricity
generation line, or some EGU units may change their fuel (for example, from coal to gas).
AVERT does not estimate these added or withdrawn units.
There are some limitations regarding the COBRA result as well. COBRA is a screening
tool and uses a simple air quality model, introducing uncertainty in exposure assessment. If the
study wants to reach the standards compatible with National Air Quality Standards, it needs to
use a more complex model. Furthermore, there is uncertainty in some input values, such as
economic values and exposure-outcome relationships in COBRA. COBRA did consider
demographic differences across the counties. However, a health impact function suitable for one
location may not be ideal for another area even when the demographic variables are controlled.
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Fortunately, COBRA did provide the upper and lower values, which indicate the uncertainty in
health benefits. AVERT and COBRA cannot consider changes in the electricity market due to
implementing one policy. For example, implementing the renewable electricity policy may
decrease electricity generation in one place and increase electricity generation in other areas in a
specific region. These two tools cannot consider these changes in the electricity market
(Zinsmeister, Burtraw, Kuenzli, & Levy, 2020; Fisher et al., 2020).
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Conclusion
Overloading the atmosphere with greenhouse gases such as carbon dioxide (CO2),
nitrogen oxides (NOX), sulfur dioxide (SO2), and particulate matter (PM) is the leading cause of
climate change and consequent adverse health effects. One of the primary sources of these
greenhouse gases is burning fossil fuels to generate electricity. Among these pollutants,
particulate matter, especially PM2.5, attracted scientific attention because they are released in the
atmosphere, can be produced by chemical reactions between different pollutants in the
atmosphere, and are small enough to enter the human body via breathing and cause adverse
health effects. One of the practical ways to reduce greenhouse gas emissions is to substitute
fossil fuels with renewable resources to generate electricity. Nevada was one of the first states to
apply the Renewable Portfolio Standards (RPS) to mandate utility companies in Nevada obtain a
percent of electricity consumed by Nevada residents from renewable resources. This research
estimated the monetary health benefits of the latest RPS policy in Nevada (SB358) for Nevada
residents and other nearby states. Also, this study assessed the effect of electricity consumption
due to changes in economic growth on health benefits for residents in Nevada and the region.
This research used two EPA’s screening tools: AVERT and COBRA.
Based on the results of this study, this RPS policy can produce health benefits valued $65
to $164 million for the entire United States. The share of monetary health benefits for Nevada
residents is between $3.0 to $7.6 million. Most of these health benefits are due to the reduction
of adult mortality. This research also showed that these health benefits were not uniformly
spread among different counties. Counties with higher populations and coal or natural gas-fired
power plants gain the most monetary health benefits and per capita benefits. Moreover, this study
showed lower electricity consumption leads to higher health benefits for Nevada residents in
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comparison with higher electricity consumption. This study concluded that this policy also has
considerable monetary health benefits for other states.
Although the monetary health benefits seem not high, this study focuses on one policy
(SB 358) to estimate its effect on public health. For broader consideration of the situation of
emissions from fossil-fuel power plants, other types of policies and regulations, such as the
Clean Air Act and zero-carbon emission policies, must be considered as well.
Understanding RPS monetary health benefits are necessary for policymakers to evaluate
the impact of fossil-fuel combustion emissions due to existing RPS policies, assess the need for
modifications, and consider new RPS policies to improve air quality. The result of this study can
provide evidence of the benefits of the current RPS policy in Nevada to reduce greenhouse gas
emissions and invest in alternative sources of energy. This study also helps quantify the health
impact of decreasing PM2.5 concentration due to fossil fuel consumption reduction. This study
recommends future approaches to estimate the effect of this policy (50% RPS) by 2050 to figure
out the monetary health benefits if this policy continues by 2050. Also, future studies could focus
on increasing RPS by 2030, for example, 70% or 80%, and compare the result with the current
research. Another recommendation is to estimate monetary health benefits if, by 2050, 100% of
electricity consumption comes from renewables. Also, the electricity consumption estimation in
this study was based on a prediction of economic growth. Future research can focus on
alternative economic growth for Nevada to better understand the effect of economic growth on
emission changes and monetary health benefits due to saving electricity.
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